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1991-7902/Copyrightª 2015, AssociatioAbstract Background/purpose: This study investigated the cumulative survival rate of the
mandibular implant-supported overdentures in patients treated from 2005 to 2014 at the
Chang Gung Memorial Hospital Implant Center.
Materials and methods: Mandibular implant-supported overdentures were placed in 61 pa-
tients (32 males and 29 females) during the period from 2005 to 2014. These patients were
categorized into two groups according to the type of attachment system used, namely,
Group A and Group B. Group A included 31 patients (17 males and 14 females who received
a total of 124 implants) whose denture was retained by a Hader bar and cast ERA attach-
ments, whereas Group B included 30 patients (15 males and 15 females who received a total
of 120 implants) whose denture was retained by a Hader bar and bilateral, extension canti-
levers with clips.
Results: At the end of the follow-up period, 238 implants remained. Among the failed im-
plants, two implants were in Group A (failure rate 2/124 Z 1.6%), whereas four implants
were in Group B (failure rate 4/120 Z 3.3%). Fifty percent (3/6) of the failed implants were
placed in the distal anterior mandible and 50% (3/6) were placed in the middle anterior
mandible. The condition of the opposing arch was also analyzed in relation to the survival
rate. The failure rate among patients with maxillary complete dentures was only 1.6%,
whereas those wearing maxillary removable partial dentures had the highest implant failure
rate (3/61 Z 4.9%).of Oral Surgery, Chang Gung Memorial Hospital, Number 199, Tung-Hwa North Road, Taipei, Taiwan,
il.com (Y.-M. Chang).
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Implant-supported overdentures 445Conclusion: Our results indicate that implant-supported overdentures provide a reliable
and effective alternative to conventional complete mandibular dentures. Overdentures with
Hader bars and bilateral, cast ERA attachments resulted in fewer prosthetic complications.
Copyright ª 2015, Association for Dental Sciences of the Republic of China. Published by
Elsevier Taiwan LLC. All rights reserved.Table 1 Description and distribution of implants and
patients.
Variable Total patients Total implants
Total 61 244
Male 32 128
Female 29 116
Age, y
<30 2 8
>30e40 3 12
>40e50 7 28
>50e60 19 76
>60e70 21 84
>70e80 9 36
Attachment type
A 31 124
B 30 120
Number of implants
4 61 244
Implant width
3.25 mm 10
4.0 mm 234
Implant length
10.0 mm 104
11.5 mm 124
13.0 mm 12
15.0 mm 4
Diagnosis of maxilla
CD 28 112
NT 21 84
RPD 12 48
Follow-up period, y
<2 2 8
>2e4 3 12
>4e6 12 48
>6e8 24 96
>8e10 20 80
CD Z complete denture; NT Z natural maxillary teeth;
RPD Z removable partial denture.Introduction
Although many edentulous patients are satisfied with their
conventional mandibular complete dentures (CDs), some
problems, such as insufficient retention and stability of the
prosthesis, decreased chewing efficiency, and discomfort
during mastication, continue to remain. Previous clinical
studies have demonstrated, however, that these issues can
be addressed effectively by using a dental prosthesis in
combination with dental implants.1e3
An implant overdenture can be categorized as either an
implant-retained overdenture or an implant-supported
overdenture according to the number of implants utilized
with the prosthesis.4 By increasing the number of implants,
the implant-supported overdenture results in improved
retention and stability. At the same time, the loading
placed on individual implants can be decreased corre-
spondingly. Another advantage of an implant-supported
overdenture over the other category is a decreased need
for denture relining resulting from ridge resorption. These
advantages have been cited in several similar studies pre-
viously.5e7 Some studies, however, have reported contra-
dictory results.4,8e10 Furthermore, although both types of
prostheses have been found to be associated with high
implant survival rates,11e16 there is still no consensus
regarding which treatment is preferable, and thus, addi-
tional studies are still required to clarify the aforemen-
tioned inconsistencies in the findings of previous studies.
Only few studies have evaluated the effects of using
implant-supported mandibular overdentures for up to 10
years, especially with respect to attachment design, such
as a bar connecting distal extension cantilevers.
The use of implant-supported overdentures as a treat-
ment alternative for patients with an edentulous mandible
has been adopted by dentists working in the Dental
Department of Chang Gung Memorial Hospital since 2005. In
this retrospective study, the implant survival and mainte-
nance requirements of implant-supported mandibular
overdentures were examined in relation to attachment
design and the condition of the opposing maxillary denti-
tion during an average follow-up period of 7 years (range
1.9e10 years).
Materials and Methods
From 2005 to 2014, a total of 61 patients (29 women and 32
men) at the Dental Department of Chang Gung Memorial
Hospital in Taipei, Taiwan, were selected for treatment
(Table 1) according to Misch’s patient selection criteria.17
The age of these patients ranged from 37 years to 86
years (mean age 69 years). Experienced dentists who had
worked at a hospital for at least 5 years evaluated thesepatients using clinical examinations and panoramic evalu-
ations and measured their bone height and bone width
between the mental foramen. For each patient, four 3i
implants (diameter and length are presented in Table 1;
Palm Beach Garden, FL, USA) were placed in the anterior
mandible between the mental foramen according to the
manufacturer’s instructions. The patients were then asked
not to wear their previous dentures for at least 2 weeks
following the first-stage surgery. A tissue conditioner (GC
Soft-liner, GC Corporation, Tokyo, Japan) was used to
reline the patient’s existing dentures. After 4 months, the
Table 2 Sex and age distribution of Group A and Group B.
Group Sex, n Age, y
A Men, 17 40e86
Female, 14
B Men, 15 37e83
Female, 15
446 Y.-H. Pan et alsecond-stage operation was performed, and the implant-
supported complete mandibular overdenture was
fabricated.
The patients were categorized into one of two groups
(Group A and Group B) according to the type of attachment
used to retain the overdenture: Group A included 31 pa-
tients whose denture was retained by a Hader bar (Life-
core, Chaska, MN, USA) and distally placed ERAs (Sterngold,
Attleboro, MA, USA), whereas Group B included 30 patients
whose denture was retained by a Hader bar and distal
extension cantilevers with clips (Figs. 1 and 2). The Hader
bars used were made of alloy, Electra, with 58.3% silver and
25% palladium alloy (Ivoclar Vivadent, Amherst, NY, USA).
Patients were categorized under Group A or B based on
whether vertical resiliency was needed for the prosthesis or
not. Patients who needed vertical resiliency for prosthetic
design used Hader bars and distally placed ERAs (Group A),
whereas the others used Hader bars and distal extension
cantilevers with clips (Group B). A total of 244 implants
were placed, including 124 implants in Group A and 120 in
Group B. The sex and age distributions of patients in the
two groups are presented in Table 2.
Patients were further categorized into three groups ac-
cording to their maxillary dentition: the first group included
patients with a maxillary CD; the second group consisted of
patients with a removable partial denture (RPD); and the
third group (natural maxillary teeth or NT) consisted ofFigure 1 Group A: Hader bar with distal extension ERAs.
Figure 2 Group B: Hader bar with distal extension
cantilevers.patients with maxillary natural dentition or maxillary
dentition having some edentulous areas restored with fixed
partial dentures. Implant placement positions were divided
into distal (A and E) and middle (B and D) positions.
Subsequent to the completion of prosthetic treatment,
the patients were scheduled for follow-ups at 24 hours, 1
week, 1 month, and then every 3 months. All of these pa-
tient follow-up visits were fully completed in December
2014. At each appointment during the follow-up period,
attachments were examined to determine whether they
were loose or worn out. After the denture delivery, patients
were also examined every year for implant mobility (iden-
tified by tapping with an instrument handle) and radio-
graphic bone loss and occlusion of the denture. For each
patient, the implant was removed if any one of the
following indications of implant failure was observed: (1)
discomfort during function; (2) implant mobility; (3)
radiographic bone loss over 50% length of implant; and (4)
purulent exudates.18
In this investigation, the failure rate was determined
according to the ratio of failed to total implants observed
during the follow-up period. The relationships between the
examined criteria and the failure rate were then evaluated
using Chi-square, goodness-of-fit, and Fisher exact tests.
The survival rate of the implants was also analyzed using a
KaplaneMeier estimate.
Results
Of the original 244 implants, six were diagnosed as failed (2
in Group A and 4 in Group B). Thus, the overall failure rate
was 2.45% (6/244). The failure rate in Group A was 1.6% (2/
124), whereas that in Group B was 3.3% (4/120). However,
there was no significant difference when comparing these
two prosthetic designs (Table 3). According to the
KaplaneMeier estimate, the cumulative survival rate of the
implants was 97.5%. Three implant failures occurred in the
distal position (1 in Group A and 2 in Group B), and three
more implant failures occurred in the middle position (1 in
Group A and 2 in Group B; Table 4). An analysis of the
maxillary dentition indicated that among the patients
wearing a maxillary CD (i.e., the CD group), only one
implant failure occurred, whereas two implant failures
were found among the patients who did not wear a maxil-
lary removable prosthesis (i.e., the NT group). Meanwhile,
among the RPD group patients (i.e., those wearing a
maxillary RPD), three implant failures occurred (Table 5).
The most commonly occurring problem requiring mainte-
nance (24 times) was the need to replace patrix compo-
nents of attachments. Twenty patients experienced the
need to have the patrix component of ERA replaced,
Table 3 Description and distribution of failed implants.
Variable Patient
number
Number of
implants
failed
Crude
failure
rate (%)
P
Sex 6 6 0.110
Male 4 4 3.1 (4/128)
Female 2 2 1.7 (2/116)
Age 6 6 <0.0001
<30 2 2 20.0 (2/10)
>30e40 0 0 0.0
>40e50 1 1 3.2 (1/31)
>50e60 1 1 2.7 (1/37)
>60e70 1 1 1.5 (1/68)
>70e80 1 1 1.02 (1/98)
Attachment
type
6 6 0.549
A 2 2 1.6 (2/124)
B 4 4 3.3 (4/120)
Implant
number
6 6
4 6 6 2.46 (6/244)
Implant width 6 0.419
3.25 mm 5 2.05 (5/244)
4.0 mm 1 0.41 (1/244)
Implant length 6 0.005
10.0 mm 1 0.96 (1/104)
11.5 mm 1 0.81 (1/124)
13.0 mm 2 16.7 (2/12)
15.0 mm 2 50 (2/4)
Maxilla
dentition
6 6 0.011
CD 1 1 0.89 (1/112)
NT 2 2 2.4 (2/84)
RPD 3 3 6.3 (3/48)
Follow-up
period
6
<2 years 4 33.3 (4/12)
>2e4 1 2.63 (1/38)
>4e6 1 1.92 (1/52)
>6e8 0
>8e10 0
>10 0
CD Z complete denture; NT Z natural maxillary teeth;
RPD Z removable partial denture.
Table 5 Failure rate related to maxillary dentition.
Maxilla dentition Implant failure rate
CD 1/112 Z 0.89%
NT 2/84 Z 2.4%
RPD 3/48 Z 6.3%
CD Z complete denture; NT Z natural maxillary teeth;
RPD Z removable partial denture.
Table 6 Adjustments for maintenance.
Complications Total
number
Group A
number
Group B
number
Change ERA/Hader clip 24 20 4
Mandibular resin
tooth fracture
2 1 1
Maxillary resin
tooth fracture
2 2 0
Table 7 Complications during the follow-up period.
Complications Total Group A Group B
Implant-supported overdentures 447whereas four experienced the need to have Hader clips
replaced (Table 6). On average, each patrix component of
ERA was replaced approximately every 2.1 years in 31 pa-
tients (14 patients in the maxillary CD group, 10 patients in
the maxillary NT group, and 7 patients in the maxillary RPDTable 4 Position of failed implants.
Group Distal Middle Total numbers
A 1 1 2
B 2 2 4
Total numbers 3 3 6group). One patient experienced a fracture of the
connector between the ERA and the Hader bar, whereas
another experienced a fracture of the distal extension
cantilever. Fractures of the Hader bar occurred in one pa-
tient from Group A and in another patient from Group B
(Table 7).
Discussion
The results of this retrospective follow-up study revealed
that by using four dental implants placed in the anterior
mandible, both Hader bars constructed with distal exten-
sion ERAs and Hader bars constructed with distal extension
cantilevers had low implant failure rates (1.6% and 3.3%,
respectively). During the average follow-up period of 7
years (range 1.7e10 years), the implant survival rate of
implant-supported mandibular overdentures was 97.5%.
Krennmair et al16 reported a survival rate of 99% during a
follow-up period of 1e9 years,16 whereas Leimola-Virtanen
et al19 reported a rate of 91.5% during a follow-up period of
3e10 years.19 The results of all these studies support the
fact that implant-supported mandibular overdentures have
high implant survival rates.
The patients in this study were also classified according
to the implant position (distal or middle). Three implantnumber number number
ERA/distal extension
cantilever fracture
2 1 1
Hader bar fracture 2 1 1
Mandibular denture reline 2 0 2
Maxillary denture reline 4 2 2
Maxillary denture fracture 1 1 0
Failed implant 6 2 4
448 Y.-H. Pan et alfailures occurred in the middle position, whereas three
implant failures also occurred in the distal position. How-
ever, greater torque stress is placed in the distal position,
which causes more implant failures, a point that has been
highlighted in previous studies.20e24
The 3i system implants come in one size in terms of
length and in two sizes in terms of width. Of the two
available widths, implants with a diameter of 4 mm have
been shown to have lower failure rates than the 3.25-mm
diameter implants.24,25 Consistent with this, implants with
the diameter of 4 mm were used in this study and these
exhibited an excellent success rate. The lengths of 3i im-
plants are 10 mm, 11.5 mm, 13 mm, or 15 mm. It was
observed that the 11.5-mm implants exhibited a higher
success rate than the 13- and 15-mm implants. Among the
six failed implants, the average survival time was 2.9 years
(range 1.2e4.6 years). Two of the 15-mm-long implants
survived for only 1.8 years. These results differed from
those reported by Misch.17 According to Misch’s bone den-
sity classifications, the anterior mandible is usually a D1 or
D2 bone.17 As such, insufficient cooling and overheating
might be the cause of the higher failure rates exhibited by
the 13- and 15-mm implants.
In this study, the attachment designs were divided into
two types, namely, distal ERA and distal extension canti-
levers with clips. The failure rate for the distal ERA
attachment design was 1.6%, whereas that for the distal
extension cantilever design was 3.3%. Therefore, there was
no statistically significant difference between the implant
failure rates of the two designs. At present, most of the
restorative dentists working in the Dental Department of
Chang Gung Memorial Hospital have adopted both distal
extension cantilevers and distal ERA design for implant-
supported overdentures. However, the complications for
choosing distal ERA are associated with the prosthesis, such
as the higher wearing rate of ERA resilient attachments,
which requires them to be replaced frequently,26 and the
thin connector between the ERA and the Hader bar, which
results in more fractures. The connector between a Hader
bar and distal extension cantilevers is thicker, and thus,
less likely to break, resulting in greater satisfaction among
patients. The 10e12-mm distal extension cantilevers may
also provide improved prosthesis stability as well as a
lessening of the denture base pressure on the edentulous
ridge, compared with the distal extension ERAs.27,28
In terms of the maxillary arch, the results of this study
indicated that that the RPD group exhibited the highest
implant failure rate (3/61 Z 4.9%). This could be due to
unbalanced occlusal forces present between the natural
teeth and denture teeth over the dentulous ridge. The
shock-absorption capacities between periodontal ligaments
and mucosal tissues vary substantially with different
occlusal loadings. Meanwhile, the failure rate in the CD
group was only 1.6% in this study. In such cases, it is
important to prevent the anterior teeth from having
occlusal contact at the centric occlusion position and to
minimize contact in protrusive excursions.29e31 Some
studies have also suggested that the maxillary CD should be
frequently relined or rebased to prevent combination syn-
drome,29,32 whereas other studies have questioned whether
combination syndrome would occur in such cases.3,33 In this
study, bone resorption necessitated that four maxillary CDsbe relined over an average 6-year period. Consequently,
when implant overdentures are placed in an edentulous
mandible, the opposing dentition may be a key factor that
should be considered. Thus, further research on how
maxillary occlusal conditions affect the survival of
mandibular implant-supported overdentures is really
needed.
Consistent with a study by Fu and Hsu26 regarding casting
defects on attachments, the need to replace the patrix
component of attachments, which occurred 24 times in our
study, was the most frequently observed form of mainte-
nance required in this study. As previously noted by Payne
and Solomons,34 multiple axes of rotation produce hinge
movements on the denture, transmitting force to the
mandibular overdenture supported by four implants; these
movements can induce excessive forces on the clip, leading
to clip failure. Kayacan et al22 suggested that one potential
solution for this issue might be increasing the number of
clips. In this study, one patient (1/31) experienced a
connector fracture, presumably due to the thinner
connector between the ERA and the Hader bar. By com-
parison, among the patients with a distal extension canti-
lever, only one fracture occurred. This finding was quite
different from that reported by den Dunnen et al.35 The
possible causes for this discrepancy in findings include the
small sample size or the length of the follow-up period.
The results of this study firmly support the fact that
implant-supported mandibular overdenture serves as an
effective and reliable treatment option for edentulous
mandible. In addition, fewer prosthetic complications were
noted among the patients who received implants using
Hader bars with bilateral, cast ERA attachments.Conflicts of interest
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